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1
OPTICALLY EFFICIENT POLARIZED
PROJECTOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Provisional Applica-
tion No. 61/492,815 filed Jun. 3, 2011, the entirety of which
is incorporated herein by referent. Background information
for this application.

FIELD OF THE INVENTION

This invention relates to the field of pixel array display
systems. More particularly, this invention relates to optical
systems in pixel array display systems.

BACKGROUND OF THE INVENTION

A pixel array display system may modulate light from an
illumination source as a function of input image data for each
pixel to produce a display. It may be desirable to provide
modulated light from the pixel array which is linearly polar-
ized, for example, to enable a three-dimensional (3D) display
system which alternates polarization directions between
frames. Common methods of providing polarized modulated
light from a pixel array may be undesirably inefficient from an
optical throughput standpoint. Adding a polarizer to a projec-
tion lens discards half of the modulated light, which may add
cost and complexity to an illumination source of the display
system. Providing a polarized illumination source may
require all optical elements to maintain the polarization state
of the illumination source, which may add cost and complex-
ity to the optical elements. Additional background informa-
tion is given in Destain U.S. Pub. No. US 2011/0298842 Al,
entitled “Sparse Source Array for Display Pixel Array Illu-
mination with Rotated Far Field Plane.”

SUMMARY OF THE INVENTION

The following presents a simplified summary in order to
provide a basic understanding of one or more aspects of the
invention. This summary is not an extensive overview of the
invention, and is neither intended to identify key or critical
elements of the invention, nor to delineate the scope thereof.
Rather, the primary purpose of the summary is to present
some concepts of the invention in a simplified form as a
prelude to a more detailed description that is presented later.

A pixel array display system may have a spatially distrib-
uted multiple emitter discrete illumination source. It is not
necessary for light from each emitter to have any specific state
of polarization. A separate collimator is disposed in front of
each emitter. Collimated light from each emitter is directed by
a condenser lens, preferably in a telecentric configuration,
onto an entrance surface of a light pipe or other optical
homogenizing element. Light from the optical homogenizer
is relayed onto a pixel array which spatially and temporally
modulates the light. Modulated light from the pixel array is
directed onto a polarization conversion stack, which has alter-
nating first beamsplitter polarizers and second beamsplitter
polarizers combined with polarization rotators, so that an
image of the emitters of the illumination source is formed at
entrance surfaces of the polarization conversion stack. Unpo-
larized light entering the first beamsplitter polarizers may be
converted to polarized light. The emitters of the illumination
source, the optical homogenizer and the polarization con-
verter stack are configured so that substantially all of the light
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from the emitters is imaged onto the first beamsplitter polar-
izers. The display system may provide a polarized light out-
put suitable for 3D display systems.

DESCRIPTION OF THE VIEWS OF THE
DRAWING

FIG. 1 depicts a pixel array display system formed accord-
ing to an embodiment.

FIG. 2 depicts a first exemplary configuration of a polar-
ization converter stack which may be used in a pixel array
display system formed according to an embodiment.

FIG. 3 depicts a first spatial configuration of emitters in an
illumination source which may be used, according to an
embodiment, with the polarization converter stack discussed
in reference to FIG. 2.

FIG. 4A and FIG. 4B depict a second spatial configuration
of emitters in an illumination source which may be used,
according to an embodiment, with the polarization converter
stack discussed in reference to FIG. 2.

FIG. 5A and FIG. 5B depict a third spatial configuration of
emitters in an illumination source which may be used, accord-
ing to an embodiment, with the polarization converter stack
discussed in reference to FIG. 2.

FIG. 6 depicts a second exemplary configuration ofa polar-
ization converter stack which may be used in a pixel array
display system formed according to an embodiment.

FIG. 7 depicts a fourth spatial configuration of emitters in
an illumination source, which may be used, according to an
embodiment, with the polarization converter stack discussed
in reference to FIG. 6.

FIG. 8A and FIG. 8B depict a fifth spatial configuration of
emitters in an illumination source which may be used, accord-
ing to an embodiment, with the polarization converter stack
discussed in reference to FIG. 6.

FIG. 9 through FIG. 14 depict exemplary sparse emitter
arrays which may be used in pixel array display systems
according to embodiments.

DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS

The present invention is described with reference to the
attached figures, wherein like reference numerals are used
throughout the figures to designate similar or equivalent ele-
ments. The figures are not drawn to scale and they are pro-
vided merely to illustrate the invention. Several aspects of the
invention are described below with reference to example
applications for illustration. It should be understood that
numerous specific details, relationships, and methods are set
forth to provide an understanding of the invention. One
skilled in the relevant art, however, will readily recognize that
the invention can be practiced without one or more of the
specific details or with other methods. In other instances,
well-known structures or operations are not shown in detail to
avoid obscuring the invention. The present invention is not
limited by the illustrated ordering of acts or events, as some
acts may occur in different orders and/or concurrently with
other acts or events. Furthermore, not all illustrated acts or
events are required to implement a methodology in accor-
dance with the present invention.

A pixel array display system may have a spatially distrib-
uted multiple emitter discrete illumination source, referred to
herein as a sparse source array. The emitters may be, for
example, light emitting diodes (LEDs), lasers or high inten-
sity discharge lamps, and may include integrator rods or
optical fiber bundles. Each emitter may emit light of a single
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color or possibly multiple colors. It is not necessary for light
from each emitter to have any specific state of polarization. A
separate collimator is disposed downstream from each emit-
ter. Collimated light from each emitter is directed by a con-
denser lens, preferably in a telecentric configuration, onto an
entrance surface of a light pipe or other optical homogenizing
element. Light from the optical homogenizer is relayed onto
one or more pixel arrays which spatially and temporally
modulates the light. Modulated light from the pixel array is
directed onto a polarization conversion stack, which has alter-
nating first beamsplitter polarizers and second beamsplitter
polarizers combined with polarization rotators, so that an
image of the emitters of the illumination source is formed at
entrance surfaces of the polarization conversion stack. Unpo-
larized light entering the first beamsplitter polarizers may be
converted to polarized light. The emitters of the illumination
source, the optical homogenizer and the polarization con-
verter stack are configured so that substantially all of the light
from the emitters is imaged onto the first beamsplitter polar-
izers. The display system may provide a polarized light out-
put suitable for 3D display systems.

For the purposes of this description, the term “substan-
tially” as applied to structures and elements in a display
system is understood to mean within tolerances which accrue
during fabrication and operation of the display system. The
terms “in front of” and “downstream from™ as applied to a
first optical element in a display system relative to a second
optical element in the display system are understood to mean
the first optical element is in an optical path of the display
system and the first optical element is disposed to receive
light from the second optical element during operation of the
display system. The term “lens” is understood to mean an
optical component which contains one or more lens elements.

FIG. 1 depicts a pixel array display system formed accord-
ing to an embodiment. The display system (100) has an illu-
mination source (102) which includes a sparse array of emit-
ters (104). The emitters (104) may be, for example, LEDs or
lasers. The emitters (104) may include integrator rods, optical
fibers or other optical elements which may increase a light
emission area of the emitters (104).

In one version of the instant embodiment, every emitter
(104) may emit light of a same color, for example red. In such
a case, the display system (100) may include a second illu-
mination source, not shown, with emitters which all emit light
of'a second color, for example, blue, and may further include
athird illumination source, not shown, with emitters which all
emit light of a third color, for example, green. Light from the
illumination sources may be combined optically, for example
with prism beamsplitters, not shown.

In another version of the instant embodiment, every
instance of a first plurality of the emitters (104) may emit light
of a first color, for example red, every instance of a second
plurality of the emitters (104) may emit light of a second
color, for example blue, and every instance of a third plurality
of the emitters (104) may emit light of a third color, for
example green. During operation of the display system (100),
instances of the emitters (104) which emit the first color may
be turned on during a first time period, while remaining
emitters are not turned on during the first time period. Sub-
sequently, instances of the emitters (104) which emit the
second color may be turned on during a second time period,
while remaining emitters are not turned on during the first
second period, and similarly for instances of the emitters
(104) which emit the third color.

In a further version of the instant embodiment, at least a
portion of the emitters (104) may be operational to emit light
of'two or more colors, one color at a time. During operation of
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the display system (100), the emitters (104) may emit a first
color during a first time period, a second color during a second
time period, and so on.

In yet another version, the illumination source (102) may
simultaneously provide light of more than one color, such as
from a high intensity discharge lamp. The display system
(100) may include a color wheel (144) disposed, for example,
between the condenser lens (108) and the optical homogeniz-
ing element (112) so as to provide a single color of light to the
pixel array (120).

A plurality of collimators (106) is disposed in front of the
emitters (104) such that a separate collimator (106) is dis-
posed in front of each emitter (104) so that light from each
emitter (104) is collimated by a separate collimator (106).
The collimators (106) are configured such that principal axes
of the collimated light from each emitter (104) are substan-
tially parallel to each other exiting the collimators (106). In
one version of the instant embodiment, each collimator (106)
may be disposed at a distance from its respective emitter
(104) which is between 70 percent and 130 percent of a focal
length of the collimator (106). The emitters (104) and colli-
mators (106) are depicted in perspective in FIG. 1 to more
clearly indicate their spatial configuration.

A condenser lens (108) is disposed downstream from the
collimators (106) at a first distance (110) which is between 60
percent and 130 percent of a focal length of the condenser lens
(108). The collimated light from each emitter (104) is
directed by the condenser lens (108) onto an entrance surface
of'an optical homogenizing element (112) such as a light pipe.
The optical homogenizing element (112) is disposed down-
stream from the condenser lens (108). The entrance surface of
the optical homogenizing element (112) is at a second dis-
tance (114) from the condenser lens (108) which is between
85 percent and 115 percent of a back focal length of the
condenser lens (108). The optical homogenizing element
(112) may have, for example, parallel sides and a rectangular
optical cross section.

An optional source diaphragm (116) may be disposed in an
optical path of the display system (100), for example between
the collimators (106) and the condenser lens (108). An
optional anamorphic lens element (118) may be disposed in
an optical path of the display system (100), for example
between the collimators (106) and the condenser lens (108).
The anamorphic lens element (118) may provide a desired
aspect ratio of the collimated light from the emitters (104).

Light from the exit surface of the optical homogenizing
element (112) is directed through a relay lens (122), and
possibly reflection/transmission prisms (124), onto one or
more pixel arrays (120). The relay lens (122) is disposed
downstream from the optical homogenizing element (112),
and the pixel arrays (120) are disposed downstream from the
relay lens (122). In versions of the instant embodiment with
two or more pixel arrays (120), beamsplitter prisms (126)
may be used to direct light to the pixel arrays (120), for
example directing red light to a first pixel array (120), blue
light to a second pixel array (120) and green light to a third
pixel array (120).

The pixel arrays (120) spatially and temporally modulate
the light from the relay lens (122) and direct it toward a pixel
array output optical cone. A rear group of lens elements (128)
of a projection lens directs the output optical cone onto a
polarization converter stack (130) disposed downstream from
the rear group of lens elements (128) of the projection lens.

The polarization converter stack (130) includes an array of
pairs of adjacent polarizing beamsplitters (132). A first polar-
izing beamsplitter (132) of a pair provides an input aperture
for incoming light into the polarization converter stack (130).
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A portion of the incoming light with a first polarization ori-
entation is passed through the first polarizing beamsplitter
(132) into a polarized output optical cone, with the first polar-
ization orientation unchanged. A second portion of the
incoming light into the polarization converter stack (130),
having a second polarization orientation which is perpendicu-
lar to the first polarization orientation, is reflected by the first
polarizing beamsplitter (132) to an adjacent second polariz-
ing beamsplitter (132) of the pair. The second polarizing
beamsplitter (132) reflects the second portion of the incoming
light into a half wave plate (134) which rotates the polariza-
tion orientation of the second portion of the incoming light to
the first polarization orientation and transmits the rotated
second portion into the polarized output optical cone. Thus,
both the first portion and the second portion of the incoming
light are polarized in the first polarization orientation and
transmitted into the polarized output optical cone.

Incoming light into the polarization converter stack (130)
which directly enters the second polarizing beamsplitter
(132) of the pair may be transmitted by the polarization con-
verter stack (130) with the second polarization orientation.
Maintaining substantially all the light in the polarized output
optical cone with the first polarization orientation is accom-
plished by configuring the emitters (104) so as to be imaged
onto the first polarizing beamsplitter (132) of each beamsplit-
ter pair of adjacent polarizing beamsplitters (132). Exemplary
configurations of the emitters (104) will be discussed in ref-
erence to subsequent figures.

The polarization converter stack (130) may further include
an optional input mask (136) which reduces, by at least 50
percent, or blocks incoming light from directly entering the
second polarizing beamsplitter (132) of each beamsplitter
pair of adjacent polarizing beamsplitters (132). In one version
of' the instant embodiment, the input mask (136) may include
metal thin film areas which are substantially opaque to block
incoming light from directly entering the second polarizing
beamsplitter (132) of each beamsplitter pair. FIG. 1 depicts
the input mask (136) spatially separated from the array of
pairs of adjacent polarizing beamsplitters (132) to more
clearly indicate the arrangement of the polarizing beamsplit-
ters (132). The input mask (136) may directly contact the
polarizing beamsplitters (132).

The polarized light from the polarization converter stack
(130) passes through a front group of lens elements (138) of
the projection lens disposed in front of the polarization con-
verter stack (130). The front group oflens elements (138) may
focus the light in the polarized output optical cone onto a
display screen, not shown. The display system (100) may
further include an optional cleanup polarizer (140) which
may desirably increase a degree of polarization of the light in
the polarized output optical cone. In an alternate version of
the instant embodiment, the cleanup polarizer (140) may be
disposed between the polarization converter stack (130) and
the front group of lens elements (138) of the projection lens.

In versions of the instant embodiment used in 3D displays,
the display system (100) may also include a polarization
modulator (142), disposed downstream from the polarization
converter stack (130), which may vary a polarization state of
light from the polarization converter stack (130) in sequential
frames. In one version of the instant embodiment, the polar-
ization modulator (142) may be disposed in front of the front
group of lens elements (138) of the projection lens. In an
alternate version, the polarization modulator (142) may be
disposed between the polarization converter stack (130) and
the front group of lens elements (138) of the projection lens.

FIG. 2 depicts a first exemplary configuration of a polar-
ization converter stack which may be used in a pixel array
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display system formed according to an embodiment. The
polarization converter stack (200) includes pairs of adjacent
polarizing beamsplitters (202), configured in columns (204).
The pairs (202) are outlined in a bold linewidth in FIG. 2 to
more clearly indicate their spatial configuration. Each beam-
splitter pair (202) includes a first polarizing beamsplitter
(208), labeled with a numeral “1” on an input aperture of the
first polarizing beamsplitter (208). Each beamsplitter pair
(202) also includes an adjacent second polarizing beamsplit-
ter (210), laterally adjacent to the first polarizing beamsplitter
(208), labeled with a numeral “2” A polarization rotator
plate, not shown, is disposed behind each instance of the
second polarizing beamsplitters (210). In the instant embodi-
ment, a vertical projection (212) of the principal axes of a
homogenizing optical element, not shown, in the pixel array
display system, on the polarization converter stack (200)
bisects an instance of the second polarizing beamsplitters
(210) in one instance of the columns (206). A horizontal
projection (214) of the principal axes of the homogenizing
optical element is perpendicular to the vertical projection
(212). The projections (212) and (214) of the principal axes
are depicted with hatched lines. Emitters in an illumination
source which are used with the polarization converter stack
(200) of the instant embodiment are imaged onto the input
aperture of the first polarizing beamsplitters (208), labeled
with numeral “1.

FIG. 3 depicts a first spatial configuration of emitters in an
illumination source which may be used, according to an
embodiment, with the polarization converter stack discussed
in reference to FI1G. 2. The illumination source (300) includes
a sparse array of emitters (302) which are disposed in popu-
lated columns (304) separated by empty columns (306). In the
instant embodiment, a vertical projection (308) of principal
axes of a homogenizing optical element, not shown, in the
pixel array display system, on the sparse array of emitters
(302) bisects one instance of the empty columns (306). A
horizontal projection (310) of the principal axes of the
homogenizing optical element may, for example, bisect
instances of the emitters (302). The projections (308) and
(310) of the principal axes are depicted with hatched lines.

During operation of a pixel array display system, formed
according to an embodiment and containing the illumination
source (300), images of light from each emitter (302) will be
reflected across the projections (308) and (310) of the princi-
pal axes so as to form columns of light which may be imaged
onto the input aperture of the first polarizing beamsplitter
(208) in each beamsplitter pair of adjacent polarizing beam-
splitters (202) in FIG. 2. Configuring the sparse array of
emitters (302) to image onto the input apertures of a polar-
ization converter stack in the pixel array display system may
provide an advantageous optical efficiency of conversion of
light from the emitters (302) to a desired polarization orien-
tation.

FIG. 4A and FIG. 4B depict a second spatial configuration
of emitters in an illumination source which may be used,
according to an embodiment, with the polarization converter
stack discussed in reference to FIG. 2. Referring to FIG. 4A,
the illumination source (400) includes a sparse array of emit-
ters (402) which are disposed in offset populated columns
(404) separated by empty columns (406). In the instant
embodiment, a vertical projection (408) of principal axes of a
homogenizing optical element, not shown, in the pixel array
display system, on the sparse array of emitters (402) bisects
an instance of the empty columns (406). A horizontal projec-
tion (410) of the principal axes of the homogenizing optical
element may, for example, bisect instances of the emitters
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(402). The projections (408) and (410) of the principal axes
are depicted with hatched lines.

FIG. 4B depicts the horizontal reflections (412) of the
emitters (402) across the vertical projection (408) of the prin-
cipal axes after passing through the homogenizing optical
element; the reflections are shown in hatched line in F1IG. 4B.
Reflection arrows (414) indicate correspondence between
emitters (402) and horizontal reflections (412). Horizontal
reflections (412) fill gaps in the populated columns (404) so as
to provide light to the input aperture of the first polarizing
beamsplitter (208) in each beamsplitter pair of adjacent polar-
izing beamsplitters (202) in FIG. 2. Vertical reflections (416)
also occur, and may help to fill gaps in the populated columns
(404).

FIG. 5A and FIG. 5B depict a third spatial configuration of
emitters in an illumination source which may be used, accord-
ing to an embodiment, with the polarization converter stack
discussed in reference to FIG. 2. Referring to FIG. 5A, the
illumination source (500) includes a sparse array of emitters
(502) which are disposed in alternating emitter populated
columns (504) and reflection populated columns (506) which
are separated from each other by empty columns (508). In the
instant embodiment, a vertical projection (510) of principal
axes of a homogenizing optical element, not shown, in the
pixel array display system, on the sparse array of emitters
(502) bisects an instance of the empty columns (508). A
horizontal projection (512) of the principal axes of the
homogenizing optical element may, for example, bisect
instances of the emitters (502). The projections (510) and
(512) of the principal axes are depicted with hatched lines.

FIG. 5B depicts the reflections (514) of the emitters (502)
across the projections (510) and (512) of the principal axes
after passing through the homogenizing optical element; the
reflections (514) are shown in hatched line in FIG. 5B.
Reflection arrows (516) indicate correspondence between
emitters (502) and reflections (514). Reflections (514) fill
gaps in the emitter populated columns (504) and fill in the
reflection populated columns (506) so as to provide light to
the input aperture of the first polarizing beamsplitter (208) in
each beamsplitter pair of adjacent polarizing beamsplitters
(202) in FIG. 2.

FIG. 6 depicts a second exemplary configuration ofa polar-
ization converter stack which may be used in a pixel array
display system formed according to an embodiment. The
polarization converter stack (600) includes pairs of adjacent
polarizing beamsplitters (602), configured in rows (604) and
staggered columns (606). The pairs (602) are outlined in a
bold linewidth in FIG. 6 to more clearly indicate their spatial
configuration. Each beamsplitter pair (602) includes a first
polarizing beamsplitter (608), labeled with a numeral “1” on
an input aperture of the first polarizing beamsplitter (608).
Each beamsplitter pair (602) also includes an adjacent second
polarizing beamsplitter (610), labeled with a numeral “2.” A
half wave plate, not shown, is disposed behind each instance
of'the second polarizing beamsplitters (610). Configuring the
beamsplitter pairs (602) in staggered columns (606) results in
instances of the first polarizing beamsplitters (608) being
laterally and vertically adjacent to instances of the second
polarizing beamsplitters (610), and vice versa, so that the first
polarizing beamsplitters (608) and the second polarizing
beamsplitters (610) have a “checkerboard” pattern.

In the instant embodiment, a vertical projection (612) of
principal axes of a homogenizing optical element, not shown,
in the pixel array display system, on the polarization con-
verter stack (600) bisects instances of the first polarizing
beamsplitters (608) and instances of the second polarizing
beamsplitters (610) in one instance of the staggered columns
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(606). A horizontal projection (614) of the principal axes of
the homogenizing optical element bisects instances of the
first polarizing beamsplitters (608) and instances of the sec-
ond polarizing beamsplitters (610) in one instance of the rows
(604). The projections (612) and (614) of the principal axes of
a homogenizing optical element, not shown, on the polariza-
tion converter stack (600) are depicted with hatched lines.

FIG. 7 depicts a fourth spatial configuration of emitters in
an illumination source, which may be used, according to an
embodiment, with the polarization converter stack discussed
in reference to FIG. 6. The illumination source (700) includes
a sparse array of emitters (702) which are configured in a
checkerboard pattern, so that each row (704) of emitters (702)
and each column (706) of emitters (702) has alternating emit-
ters (702) and empty spaces.

In the instant embodiment, a vertical projection (708) of
principal axes of a homogenizing optical element, not shown,
in the pixel array display system, on the sparse array of
emitters (702) bisects the emitters (702) in an instance of the
columns (706). A horizontal projection (710) of the principal
axes of the homogenizing optical element bisects the emitters
(702) in an instance of the rows (704). The projections (708)
and (710) of the principal axes meet in, and bisect, an empty
space between emitters (702). The projections (708) and
(710) of the principal axes are depicted with hatched lines.

During operation of a pixel array display system, formed
according to an embodiment and containing the illumination
source (700), images of light from each emitter (702) may be
imaged onto the input aperture of the first polarizing beam-
splitter (608) in each beamsplitter pair of adjacent polarizing
beamsplitters (602) in FIG. 6. Configuring the sparse array of
emitters (702) to image onto the input apertures of a polar-
ization converter stack in the pixel array display system may
provide an advantageous optical efficiency of conversion of
light from the emitters (702) to a desired polarization orien-
tation.

FIG. 8A and FIG. 8B depict a fifth spatial configuration of
emitters in an illumination source which may be used, accord-
ing to an embodiment, with the polarization converter stack
discussed in reference to FIG. 6. Referring to FIG. 8A, the
illumination source (800) includes a sparse array of emitters
(802) which are disposed in staggered dual columns (804)
separated by empty columns (806).

In the instant embodiment, a vertical projection (808) of
principal axes of a homogenizing optical element, not shown,
in the pixel array display system, on the sparse array of
emitters (802) bisects a portion of the emitters (802) in an
instance of the staggered dual columns (804). A horizontal
projection (810) of the principal axes of the homogenizing
optical element bisects instances of the emitters (802) and
intersects the vertical projection (808) in an empty space
between emitters (802). The projections (808) and (810) of
the principal axes are depicted with hatched lines.

FIG. 8B depicts the reflections (812) of the emitters (802)
across the vertical projection (808) of the principal axes after
passing through the homogenizing optical clement; the
reflections are shown in hatched line in FIG. 8B. Reflection
arrows (814) indicate correspondence between emitters (802)
and reflections (812). Reflections (812) fill in the empty col-
umns (806) so as to provide light to the input aperture of the
first polarizing beamsplitter (608) in each beamsplitter pair of
adjacent polarizing beamsplitters (602) in FIG. 6.

FIG. 9 through FIG. 14 depict exemplary sparse emitter
arrays which may be used in pixel array display systems
according to embodiments. Referring to FIG. 9, an illumina-
tion source (900) includes an array of lasers (902) configured
in a sparse array. An array of integrator rods (904) is disposed
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in front of the array of lasers (902), so that one integrator rod
(904) is disposed in front of each laser (902) so as to provide
a desired uniformity oflight at an exit surface of the integrator
rod (904). Exit surfaces (906) of the integrator rods (904)
provide emitters for the illumination source (900). The inte-
grator rods (904) are configured so as to provide a desired
light pattern on a polarization converter stack, not shown, in a
display system containing the illumination source (900). The
integrator rods (904) may be configured, for example, to
provide a sparse array of emitters as described in reference to
FIG. 3, FIG. 4A, FIG. 5A, FIG. 7 or FIG. 8A. In one version
of the instant embodiment, instances of the lasers (902) may
emit different colors. For example, a first portion of the lasers
(902) may emit red light, a second portion of the lasers (902)
may emit blue light, and a third portion of the lasers (902) may
emit green light, as depicted in FIG. 9. During operation of
the display system containing the illumination source (900),
instances of the lasers (902) emitting a same color may be
turned on and off in sequence with instances of lasers (902)
emitting a different color. In another version of the instant
embodiment, all of the lasers (902) may emit light of substan-
tially a same color.

Referring to FIG. 10, an illumination source (1000)
includes an array of lasers (1002) which may be spatially
configured independently of a desired illumination pattern at
a polarization converter stack, not shown, in a pixel array
display system containing the illumination source (1000). For
example, the lasers (1002) may be spatially configured to
provide a desired level of heat dissipation. Optical fibers
(1004) are disposed in front of the lasers (1002) so that at least
one optical fiber (1004) is disposed in front of each laser
(1002). Instances of the optical fibers (1004) may be single
optical fibers or may include bundles of optical fibers. The
optical fibers (1004) are configured so as to collect light
emitted from the lasers (1002) with a desired level of optical
efficiency. In one version of the instant embodiment, exit
surfaces (1006) ofthe optical fibers (1004) may provide emit-
ters for the illumination source (1000). The exit surfaces
(1006) of the optical fibers (1004) are spatially configured so
as to provide a desired light pattern on a polarization con-
verter stack, not shown, in a display system containing the
illumination source (1000).

In another version, the optical fibers (1004) are further
configured so that the exit surfaces (1006) of the optical fibers
(1004) provide light from the lasers (1002) to integrator rods
(1008) disposed in front of the exit surfaces (1006) of the
optical fibers (1004). Exit surfaces (1010) of the integrator
rods (1008) provide emitters for the illumination source
(1000). The exit surfaces (1010) of the integrator rods (1008)
are spatially configured so as to provide a desired light pattern
on a polarization converter stack, not shown, in a display
system containing the illumination source (1000). FIG. 10
depicts a single column of lasers to more clearly indicate the
spatial configuration of the lasers (1002), the optical fibers
(1004) and the integrator rods (1008).

The illumination source (1000) may be configured, for
example, to provide a sparse array of emitters as described in
reference to FIG. 3, FIG. 4A, FIG. 5A, FIG. 7 or FIG. 8A. In
one version of the instant embodiment, instances of the lasers
(1002) may emit different colors. For example, a first portion
of'thelasers (1002) may emit red light, a second portion of the
lasers (1002) may emit blue light, and a third portion of the
lasers (1002) may emit green light, as depicted in FIG. 10.
During operation of the display system containing the illumi-
nation source (900), instances of the lasers (1002) emitting a
same color may be turned on and off in sequence with
instances of lasers (1002) emitting a different color. In
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another version of the instant embodiment, all of the lasers
(1002) may emit light of substantially a same color.

Referring to FIG. 11, an illumination source (1100)
includes a first plurality of lasers (1102). A first plurality of
optical fibers (1104) is disposed in front of the first plurality of
lasers (1102) so that at least one optical fiber (1104) is dis-
posed in front of each laser (1102). Instances of the optical
fibers (1104) may be single optical fibers or may include
bundles of optical fibers. The optical fibers (1104) are con-
figured so as to collect light emitted from the lasers (1102)
with a desired level of optical efficiency. The optical fibers
(1104) are further configured so that exit surfaces (1106) of
the first plurality of optical fibers (1104) provide light from
the first plurality of lasers (1102) to a first integrator rod
(1108), disposed in front of the exit surfaces (1106) of the first
plurality of optical fibers (1104), with a desired level of opti-
cal efficiency. An exit surface (1110) of the first integrator rod
(1108) provides a first emitter in a sparse array of emitters of
the illumination source (1100).

The illumination source (1100) further includes a second
plurality of lasers (1112), a second plurality of optical fibers
(1114) and a second integrator rod (1116), similarly config-
ured, so that an exit surface (1118) of the second integrator
rod (1116) provides a second emitter in the sparse array of
emitters of the illumination source (1100). The illumination
source (1100) may include additional pluralities of lasers,
optical fibers and integrator rods, not shown, which provide
additional emitters in the sparse array of emitters.

In one version of the instant embodiment, instances of the
lasers in the first plurality of lasers (1102) may emit different
colors, and instances of the lasers in the second plurality of
lasers (1112) may also emit different colors. For example, a
first portion of the first plurality of lasers (1102) may emit red
light, a second portion of the first plurality of lasers (1102)
may emit blue light, and a third portion of the first plurality of
lasers (1102) may emit green light, and a first portion of the
second plurality of lasers (1112) may emit red light, a second
portion of the second plurality of lasers (1112) may emit blue
light, and a third portion of the second plurality of lasers
(1112) may emit green light, as depicted in FIG. 11. During
operation of the display system containing the illumination
source (1100), instances of the lasers (1102) emitting a same
color may be turned on and off in sequence with instances of
lasers (1102) emitting a different color.

In another version of the instant embodiment, all the lasers
(1102) in the first plurality of lasers (1102) may emit light of
a first color, for example red, and all the lasers (1112) in the
second plurality of lasers (1112) may emit light of a second
color, for example blue, and so on for additional pluralities of
lasers. During operation of the display system containing the
illumination source (1100), instances of the lasers (1102)
emitting a same color may be turned on and off in sequence
with instances of lasers (1102) emitting a different color.

In a further version of the instant embodiment, all the lasers
(1102) in the first plurality of lasers (1102) and all the lasers
(1112) in the second plurality of lasers (1112), and additional
pluralities of lasers in the illumination source (1100), may
emit light of a same color.

Referring to FIG. 12, an illumination source (1200)
includes an array of LEDs (1202) which may be spatially
configured so as to provide a desired light pattern on a polar-
ization converter stack, not shown, in a display system con-
taining the illumination source (1200). The illumination
source (1200) may be configured, for example, to provide a
sparse array of emitters as described in reference to FIG. 3,
FIG. 4A, FIG. 5A, FIG. 7 or FIG. 8A. In one version of the
instant embodiment, instances of the LEDs (1202) may emit
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different colors. For example, a first portion of the LEDs
(1202) may emit red light, a second portion of the LEDs
(1202) may emit blue light, and a third portion of the LEDs
(1202) may emit green light. During operation of the display
system containing the illumination source (900), instances of
the LEDs (1202) emitting a same color may be turned on and
off in sequence with instances of LEDs (1202) emitting a
different color. In another version of the instant embodiment,
all of the LEDs (1202) may emit light of substantially a same
color.

Referring to FIG. 13, an illumination source (1300)
includes a high intensity arc discharge lamp (1302) and a
reflector (1304) which direct light of multiple colors into an
array of fiber optics (1306). Exit surfaces (1308) of the optical
fibers (1306) may provide emitters for the illumination source
(1300). The exit surfaces (1308) of the optical fibers (1306)
are spatially configured so as to provide a desired light pattern
on a polarization converter stack, not shown, in a display
system containing the illumination source (1300).

Referring to FIG. 14, an illumination source (1400)
includes a first array of emitters (1402) which emit light of a
first color, for example, red, a second array of emitters (1404)
which emit light of a second color, for example, green, and a
third array of emitters (1406) which emit light of a third color,
for example, blue. The first array of emitters (1402), the
second array of emitters (1404), and the third array of emitters
(1406) are disposed around a crossed dichroic filter (1408)
which includes a first dichroic filter element (1410) and a
second dichroic filter element (1412). A condenser lens
(1414) is disposed in front of the crossed dichroic filter
(1408). During operation of a display system containing the
illumination source (1400), light from the first array of emit-
ters (1402) is transmitted through the first dichroic filter ele-
ment (1410) and reflected off the second dichroic filter ele-
ment (1412) into the condenser lens (1414). Light from the
second array of emitters (1404) is transmitted through the first
dichroic filter element (1410) and transmitted through the
second dichroic filter element (1412) into the condenser lens
(1414). Light from the third array of emitters (1406) is trans-
mitted through the second dichroic filter element (1412) and
reflected off the first dichroic filter element (1410) into the
condenser lens (1414). Each of the first array of emitters
(1402), the second array of emitters (1404), and the third
array of emitters (1406) are spatially configured so as to
provide a desired light pattern on a polarization converter
stack, not shown, in a display system containing the illumi-
nation source (1400).

It will be recognized that the emitters described in refer-
ence to FIG. 9 through FIG. 14 may have square, rectangular,
circular, ellipsoidal, hexagonal, octagonal or other shapes.

While various embodiments of the present invention have
been described above, it should be understood that they have
been presented by way of example only and not limitation.
Numerous changes to the disclosed embodiments can be
made in accordance with the disclosure herein without
departing from the spirit or scope of the invention. Thus, the
breadth and scope of the present invention should not be
limited by any of the above described embodiments. Rather,
the scope of the invention should be defined in accordance
with the following claims and their equivalents.

What is claimed is:

1. A display system, comprising:

an illumination source containing a plurality of emitters

spatially configured in a sparse array;

aplurality of collimators disposed in front of said emitters,

such that each emitter has a separate instance of said
collimators is disposed in front thereof;
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a condenser lens disposed downstream from said plurality
of collimators;

an optical homogenizing element disposed downstream
from said condenser lens;

arelay lens disposed downstream from said optical homog-
enizing element;

a pixel array disposed downstream from said relay lens;

a rear group of lens elements of a projection lens disposed
downstream from said pixel array;

a polarization converter stack disposed downstream from
said rear group of lens elements of said projection lens,
said polarization converter stack having input apertures;
and

a front group of lens elements of said projection lens dis-
posed in front of said polarization converter stack;

wherein said condenser lens, said optical homogenizing
element, said relay lens, and said rear group of lens
elements of said projection lens are configured to image
light from said emitters onto said input apertures of said
polarization converter stack;

and wherein:

said polarization converter stack includes an array of pairs
of adjacent polarizing beamsplitters;

a first polarizing beamsplitter of each pair of adjacent
polarizing beamsplitters provides an instance of said
input apertures; and

said polarization converter stack further includes an input
mask which reduces, by at least 50 percent, light from
directly entering a second polarizing beamsplitter of
each pair of adjacent polarizing beamsplitters.

2. The display system of claim 1, wherein:

said condenser lens is disposed at a first distance from said
plurality of collimators, said first distance being
between 60 percent and 130 percent of a focal length of
the condenser lens; and

said optical homogenizing element is disposed at a second
distance from an entrance surface of said optical homog-
enizing element, said second distance being between 85
percent and 115 percent of a back focal length of the
condenser lens.

3. The display system of claim 1, wherein said input aper-
tures of said polarization converter stack are disposed at an
image plane of said collimators.

4. The display system of claim 1, wherein each instance of
said collimators is disposed at a distance from its respective
said emitter which is between 70 percent and 130 percent of
a focal length of said instance of said collimators.

5. The display system of claim 1, further including a
cleanup polarizer disposed between said polarization con-
verter stack and said front group of lens elements of said
projection lens.

6. The display system of claim 1, further including a polar-
ization modulator disposed in front of said polarization con-
verter stack, said polarization modulator being operational to
vary a polarization state of light from said polarization con-
verter stack in sequential frames of said display system.

7. A display system, comprising:

an illumination source containing a plurality of emitters
spatially configured in a sparse array;

aplurality of collimators disposed in front of said emitters,
such that a separate instance of said collimators is dis-
posed in front of each of said emitters;

a condenser lens disposed downstream from said plurality
of collimators;

an optical homogenizing element disposed downstream
from said condenser lens;
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arelay lens disposed downstream from said optical homog-
enizing element;

a pixel array disposed downstream from said relay lens;

arear group of lens elements of a projection lens disposed
downstream from said pixel array;

a polarization converter stack disposed downstream from
said rear group of lens elements of said projection lens,
said polarization converter stack having input apertures;
and

a front group of lens elements of said projection lens dis-
posed in front of said polarization converter stack;

wherein said condenser lens, said optical homogenizing
element, said relay lens, and said rear group of lens
elements of said projection lens are configured to image
light from said emitters onto said input apertures of said
polarization converter, wherein:

said polarization converter stack includes pairs of adjacent
polarizing beamsplitters, said pairs being configured in
rows and columns;

a first polarizing beamsplitter of each pair of adjacent
polarizing beamsplitters provides an instance of said
input apertures;

a second polarizing beamsplitter of each pair of adjacent
polarizing beamsplitters is disposed laterally adjacent to
said first polarizing beamsplitter of said pair;

instances of said first polarizing beamsplitters are verti-
cally adjacent to other instances of said first polarizing
beamsplitters; and

a vertical projection of principal axes of said optical
homogenizing element on said polarization converter
stack bisects instances of said second polarizing beam-
splitters in one of said columns of said pairs of adjacent
polarizing beamsplitters.

8. The display system of claim 7, wherein:

said emitters in said sparse array of said illumination
source are disposed in populated columns separated by
empty columns; and

avertical projection of principal axes of said homogenizing
optical element on said sparse array of said emitters
bisects one instance of said empty columns.

9. The display system of claim 7, wherein:

said emitters in said sparse array of said illumination
source are disposed in offset populated columns sepa-
rated by empty columns;

avertical projection of principal axes of said homogenizing
optical element on said sparse array of said emitters
bisects one instance of said empty columns; and

reflections of said emitters across said vertical projection
of'said principal axes after passing through said homog-
enizing optical element fill gaps in said populated col-
umns.

10. The display system of claim 7, wherein:

said emitters in said sparse array of said illumination
source are disposed in alternating emitter populated col-
umns and reflection populated columns which are sepa-
rated from each other by empty columns, said reflection
populated columns being free of said emitters;

avertical projection of principal axes of said homogenizing
optical element on said sparse array of said emitters
bisects one instance of said empty columns; and

reflections of said emitters across said vertical projection
of'said principal axes after passing through said homog-
enizing optical element; fill gaps in said populated col-
umns and fill in said reflection populated columns.

11. A display system, comprising:

an illumination source containing a plurality of emitters
spatially configured in a sparse array;
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aplurality of collimators disposed in front of said emitters,
such that a separate instance of said collimators is dis-
posed in front of each of said emitters;

a condenser lens disposed downstream from said plurality
of collimators;

an optical homogenizing element disposed downstream
from said condenser lens;

arelay lens disposed downstream from said optical homog-
enizing element;

a pixel array disposed downstream from said relay lens;

a rear group of lens elements of a projection lens disposed
downstream from said pixel array;

a polarization converter stack disposed downstream from
said rear group of lens elements of said projection lens,
said polarization converter stack having input apertures;
and

a front group of lens elements of said projection lens dis-
posed in front of said polarization converter stack;

wherein said condenser lens, said optical homogenizing
element, said relay lens, and said rear group of lens
elements of said projection lens are configured to image
light from said emitters onto said input apertures of said
polarization converter stack, wherein:

said polarization converter stack includes pairs of adjacent
polarizing beamsplitters, said pairs being configured in
rows and staggered columns;

a first polarizing beamsplitter of each pair of adjacent
polarizing beamsplitters provides an instance of said
input apertures;

a second polarizing beamsplitter of each pair of adjacent
polarizing beamsplitters is disposed laterally adjacent to
said first polarizing beamsplitter of said pair;

instances of said first polarizing beamsplitters are laterally
and vertically adjacent to instances of said second polar-
izing beamsplitters, and instances of said second polar-
izing beamsplitters are laterally and vertically adjacent
to instances of said first polarizing beamsplitters, so that
said first polarizing beamsplitters and said second polar-
izing beamsplitters have a checkerboard pattern;

a vertical projection of principal axes of said optical
homogenizing element on said polarization converter
stack bisects instances of said first polarizing beamsplit-
ters and instances of said second polarizing beamsplit-
ters in one instance of said staggered columns of said
pairs of adjacent polarizing beamsplitters; and

a horizontal projection of said principal axes of said
homogenizing optical element bisects instances of said
first polarizing beamsplitters and instances of said sec-
ond polarizing beamsplitters in one instance of said rows
of said pairs of adjacent polarizing beamsplitters.

12. The display system of claim 11, wherein:

said emitters in said sparse array of said illumination
source are disposed in rows and columns with said emit-
ters being configured in a checkerboard pattern, so that
each said row of said emitters and each said column of
said emitters has alternating instances of said emitters
and empty spaces;

avertical projection of principal axes of said homogenizing
optical element on said sparse array of said emitters
bisects said emitters in one instance of said columns;

a horizontal projection of said principal axes of said
homogenizing optical element on said sparse array of
said emitters bisects said emitters in one instance of said
rows; and

said vertical projection and said horizontal projection of
said principal axes meet in, and bisect, an empty space
between said emitters.
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13. The display system of claim 11, wherein:

said emitters in said sparse array of said illumination
source are disposed in staggered dual columns separated
by empty columns;

avertical projection of principal axes of said homogenizing
optical element on said sparse array of said emitters
bisects a portion of said emitters in one instance of said
staggered dual columns; and

a horizontal projection of said principal axes of said
homogenizing optical element on said sparse array of
said emitters bisects instances of said emitters and inter-
sects said vertical projection in an empty space between
said emitters.

14. The display system of claim 1, wherein said illumina-

tion source includes:

an array of lasers configured in the sparse array; and

an array of integrator rods disposed in front of said array of
said lasers, so that one of said integrator rods is disposed
in front of each of said lasers, and exit surfaces of said
integrator rods provide said emitters of said illumination
source.

15. The display system of claim 14, wherein:

a first portion of said array of lasers emits red light;

asecond portion of said array of lasers emits blue light; and

a third portion of said array of lasers emits green light.

16. The display system of claim 1, wherein said illumina-

tion source includes:

a plurality of lasers;

optical fibers disposed in front of said lasers so that at least
one of said optical fibers is disposed in front of each said
laser,

an array of integrator rods disposed in front of exit surfaces
of said optical fibers, so that one of said integrator rods
is disposed in front of each of said exit surfaces of said
optical fibers, and exit surfaces of said integrator rods
provide said emitters of said illumination source.

17. The display system of claim 16, wherein:

a first portion of said array of lasers emits red light;
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a second portion of said array of lasers emits blue light; and

a third portion of said array of lasers emits green light.

18. The display system of claim 1, wherein said illumina-

tion source includes:

a first plurality of lasers;

a first plurality of optical fibers disposed in front of said
first plurality of lasers, so that at least one of said optical
fiber of said first plurality of optical fibers is disposed in
front of each said laser of said first plurality of lasers;

a first integrator rod disposed in front of exit surfaces of
said first plurality of said optical fibers, so that an exit
surface of said first integrator rod provides a first
instance of said emitters of said illumination source;

a second plurality of lasers;

a second plurality of optical fibers disposed in front of said
second plurality of lasers, so that at least one of said
optical fiber of said second plurality of optical fibers is
disposed in front of each said laser of said second plu-
rality of lasers; and

a second integrator rod disposed in front of exit surfaces of
said second plurality of said optical fibers, so that an exit
surface of said second integrator rod provides a second
instance of said emitters of said illumination source.

19. The display system of claim 18, wherein:

at least one laser of said first plurality of lasers emits red
light;

at least one laser of said first plurality of lasers emits blue
light;

at least one laser of said first plurality of lasers emits green
light;

at least one laser of said second plurality of lasers emits red
light;

at least one laser of said second plurality of lasers emits
blue light; and

at least one laser of said second plurality of lasers emits
green light.



